Two different Rh/TiO 2 catalysts, one with 1.0 wt% and the second with 23.2 wt% metal loading, were prepared using the wet impregnation technique. The TiO 2 powder (Hombifine N, SBET = 107 m 2 /g) was calcinated at 500 °C for 2 hours prior to use.
Catalyst Preparation
Two different Rh/TiO 2 catalysts, one with 1.0 wt% and the second with 23.2 wt% metal loading, were prepared using the wet impregnation technique. The TiO 2 powder (Hombifine N, SBET = 107 m 2 /g) was calcinated at 500 °C for 2 hours prior to use.
During the preparation of Rh/TiO 2 catalyst with 1.0 wt% metal loading, the acidic solution of Rh(NO 3 ) 3 with a metal concentration of 38 mg/ml was used. A 0.53 ml of Rh(NO 3 ) 3 solution was diluted in water until a total volume of 1.6 ml was obtained. Then, 2 g of TiO 2 was impregnated with the aqueous solution of rhodium for 1 hour at room temperature. The solvent excess was evaporated and the formed catalyst was air dried at 120 °C for 4 hours. The next calcination of the samples was performed at 400 °C in air for 3 hours with subsequent reduction of samples in H2 flow at 330 °C for 3 hours.
During the preparation of Rh/ TiO 2 catalyst with 23.2 wt% metal loading, the acidic solution of Rh(NO 3 ) 3 with a metal concentration of 98 mg/ml was used. Here, 6.1 ml of Rh(NO 3 ) 3 solution was evaporated to dryness and diluted with water to obtain a total volume of 2 ml, after which 5 drops of 25% tetramethylammonium hydroxide in water (Acros, CAS:75-59-2) were added. Then, 2 g of TiO 2 was impregnated with the aqueous solution of rhodium for 2.5 hours at room temperature. The solvent excess was evaporated and the formed catalyst was air dried at 120 °C for 4 hours. The next calcination of the sample was done at 400 °C in air for 3 hours with subsequent reduction of the sample in H 2 flow at 330 °C for 3 hours. 
Trimethylamine-

15
N hydrochloride (1.00 g, 10.0 mmol) was placed in a 10 ml vial and dissolved in D 2 O (2 ml). The solution was transferred via syringe to a thick glass 15 ml ampoule and the vial was washed with additional D 2 O (1 ml). The ampoule (1/8" x 6") was cooled to -78 °C until the solution inside completely froze. 1,2-dibromoethane-d 4 (5.00 g, 26.0 mmol) dissolved in benzene (7 ml) was added slowly to the cooled ampoule. NaOD (40% solution in D 2 O, 1.08 g, 10.5 mmol) was dilute in a vial with D 2 O (1 ml) and the solution was transferred in the ampoule on top of the frozen benzene layer. Once the contents of the entire ampoule were completely frozen, the ampoule was sealed and left to thaw at room temperature. After a week, the solution was gently mixed by flipping the ampoule and it was left for two more weeks. The ampoule was opened, its contents were transferred to a round bottom flask, and they were then washed with additional D 2 O (10 ml). The combined solution was evaporated to dryness under reduced pressure (<1 mbar) for 2 hours, producing crude bromocholine-15 N-d 4 bromide.
Silver oxide was prepared fresh. First, AgNO 3 (4.25 g, 25.0 mmol) was dissolved in water (25 ml) and it was cooled to 0°C. NaOH (1.00 g, 25.0 mmol) in water was added dropwise and the resulting gray suspension was gently stirred using a magnetic stirrer for 20 min. After that, silver oxide was collected on a Buchner funnel and was washed with water and D 2 O. 
Trimethylamine-
15
N-d 9 hydrochloride (0.5 g, 4.7 mmol) was placed in a 10 ml vial and dissolved in D 2 O (1 ml). The solution was transferred via syringe to a thick glass 15 ml ampoule and the vial was washed with additional D 2 O (1 ml). The ampoule (1/8" x 6") was cooled to -78°C until the solution completely froze. 1,2-dibromoethane-d 4 (5.00 g, 26.0 mmol) dissolved in benzene (7 ml) was added slowly to the cooled ampoule. Then, NaOD (40% solution in D 2 O, 0.50 g, 4.9 mmol) was diluted in a vial with D 2 O (0.5 ml) and the solution was transferred in the ampoule on top of the frozen benzene layer. While the entire ampoule content was completely frozen, it was sealed and left to thaw at room temperature. After a week, the solution was gently mixed by flipping the ampoule and it was left for two more months. The ampoule was opened, and its contents were transferred to a round bottom flask, and they were washed with additional D 2 O (10 ml). The combined solution was evaporated to dryness under reduced pressure (<1 mbar) for 2 hours. The residue was washed with ether, producing crude bromocholine-15 N-d 13 bromide.
Silver oxide was prepared fresh. First, AgNO 3 (2.12 g, 12.5 mmol) was dissolved in water (14 ml) and it was cooled to 0°C. NaOH (0.50 g, 12.5 mmol) in water (5 ml) was added dropwise and the resulting gray suspension was gently stirred using a magnetic stirrer for 20 min. After that, silver oxide was collected on a Buchner funnel and was washed with water and D 2 O.
Bromocholine-
15 N-d 13 bromide was dissolved in D 2 O (20 ml) and Ag 2 O was added in small portions. After 30 min., the solution was filtered and the liquid phase was concentrated in vacuo at 30°C for 1 hour. It was then redissolved in D 2 O (20 ml) and evaporated again. The oily residue was dissolved in water and HCl (37% in H 2 O) was added until pH<0. Next, the solution was dried under reduced pressure.
An ion-exchange column was prepared from exchange Amberlite IRA-400 (~75 ml) beads) by running H 2 O through it (200 ml). Neurine-15 N-d 12 bromide was dissolved in several ml of H 2 O and was run through the column, eluting rapidly within the first 80 S-4 ml. It was concentrated, re-dissolved in absolute ethanol twice, and evaporated in order to remove traces of water. The product was pure, but it was recrystallized from ethanol/THF (5:40 ml), yielding 0.341 g of product.
Synthesis of Neurine- 15 N Bromide Figure S4 . Reaction scheme of synthesizing neurine-15 N bromide from 1,2-dibromoethane.
Neurine-
15
N bromide was prepared in the same manner as 15 N-d 3 -neurine bromide (described above, following the Renshaw method 1 ), starting from 1,2-dibromoethane. The final product contained ~4% of 1,2-di(trimethylammonium-15 N)ethane dibromide.
Sample Preparation and Aqueous Phase Heterogeneous Hydrogenation of 15 Nlabeled Molecules
For the aqueous phase heterogeneous hydrogenation of neurine-15 N bromide aqueous solution, 2.4 ml of D 2 O was premixed with 100 (or 50 for the results presented in Figure  2 of the main text) mg of neurine-15 N bromide. The resulting 0.25 M (or 0.125 M for Figure 2 ) solution (0.5 ml) was placed in a medium wall 5 mm NMR tube with 10 mg of Rh/TiO 2 catalysts placed at the bottom. The NMR tube was heated to ~90 C. The hydrogenation was performed with a p-H 2 pressure of ~7.1 atm and a flow rate of 100 standard cubic centimeters per minute (sccm) controlled by the mass-flow controller. For the polarization transfer experiments, the field cycling approach with a magnetic shield was used. The full experimental setup is shown in Figure S5 . The detailed information about the setup, polarization transfer procedure, and magnetic field strength are given in references. 3, 4 S-5 Figure S5 . Experimental setup for aqueous phase heterogeneous hydrogenation with polarization transfer to 15 N nuclei using magnetic field cycling.
Low-Field Instrumentation
Our experimental low field NMR apparatus is comprised of a 0.049 T permanent magnet. It has an 80 cm bore width and has a homogeneity of ~50 ppm across a 400 mm DSV (diameter of spherical volume) which corresponds to a 25 Hz 1 H spectral linewidth (FWHM, full width half max). The magnet homogeneity was achieved using Neodymium shim magnets in five sizes. The homogeneity can be improved marginally by driving a DC offset current through three orthogonal magnetic gradients. The console used to control the NMR system is a Tecmag Redstone system, which has three receiver and transmitter channels operable across a bandwidth from 0.1-3 MHz. The nominal noise figure of the receivers is 1.5 dB.
The RF coils for this system were built to measure samples stored in standard 5 and 10 mm diameter NMR tubes. To increase the SNR, a solenoid coil matching the dimensions of the NMR sample (17 mm diameter by 193 mm) was built, thereby improving the filling factor of the coil. The quality factor of the coil was 70. The coil was tuned using ATC nonmagnetic ceramic capacitors and two Johansen trimmer capacitors to tune the center frequency and the power match of the coil. The circuit design was a parallel LC resonator with a series capacitive matching element. The solenoid had 878 windings using 0.22 mm diameter wire with a measured inductance of 839.6 H. The coil was calibrated using a nutation sequence and its 90 o tip angle was found to be 500 s. Each coil winding was directly adjacent to its nearest neighbor winding, which led to additional capacitance contribution to the LC parallel resonator. The coil was shielded from electric field interference and noise by housing it in a hollow copper cube made out of square copper clad PCB materials (1 ft x 1 ft). A circular waveguide 50 mm in S-6 length was built to protrude from the shield to act as an access point for the sample to be inserted into the coil. The shielding provided an electric field suppression of 60 dB.
Parahydrogen
A home-built system was used to produce parahydrogen (p-H 2 ) gas for the liquid-phase heterogeneous hydrogenation experiments involving the neurine-
15
N bromide aqueous solutions. This system enriches room temperature bulk H 2 (close to 75% ortho-and 25% para-state at Boltzmann equilibrium for this spin temperature) with an increased p-H 2 fraction. The permissible flow rate ranges from 0 to 150 sccm, which may be attained at outlet pressures ranging from 0 to 25 bar gauge pressure. The catalyst used for orthoto para-state conversion of bulk H 2 was FeO(OH) 30-50 mesh catalyst (SKU 371254-50G, Sigma-Aldrich). Approximately 3 g of this catalyst was packed inside a sealed chamber affixed to the cold finger of a single-stage cryocooler (CryoTel, Sunpower Inc, Athens, OH). A continuous production rate and purity of p-H 2 (i.e. steady-state conditions) was attained through use of a mass flow controller (MFC) (Sierra Instruments, Monterey, CA, model no. C100L-DD-OV1-SV1-PV2-V1-S0-C0) to regulate the flow rate. In particular, the MFC ensures that the bulk H 2 gas heat transfer and the energy of conversion 5 from orthohydrogen (o-H 2 ) to p-H 2 does not overwhelm the cooling capacity of the cryocooler.
The home-built system produced p-H 2 of ~80% purity. The level of purity was assessed by high-field NMR at 9.4 T using an experimental setup first devised 6 and later described in detail 7 for SABRE experiments, which allows faster measurements of p-H 2 quality than our earlier reported method 8 involving waiting for in-tube relaxation back to room temperature equilibrium (i.e. 75% ortho-state). Briefly, in this experimental setup a 5 mm NMR tube residing in the 9.4 T NMR magnet is connected with ¼ in. Teflon tubing to a wye push-to-connect tube fitting (p/n 5779K262, McMaster-Carr). One port of the wye connector serves as exhaust, and the other is alternately connected to either bulk H 2 or to a p-H 2 source. The signal level from bulk H 2 was first obtained and its integral calibrated according to the presence of 75% o-H 2 . Next, p-H 2 from the home-built system was connected and measured using the bulk H 2 signal level as a reference. The measured purity of the p-H 2 as obtained by this method (~80%) was found to agree quantitatively (within < 1%) with the cold-finger temperature of the cryocooler of ~48 K.
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Catalyst Characterization
X-Ray Photoelectron Spectroscopy
The XPS measurements of samples was performed on a SPECS (Germany) photoelectron spectrometer equipped with a PHOIBOS-150 hemispherical energy analyzer and AlK α irradiation (hν=1486.6 eV, 200 W). The binding energy (BE) scale was pre-calibrated using the positions of the photoelectron of Au4f 7/2 (BE=84.0 eV) and Cu2p 3/2 (BE=932.67 eV) core level peaks.
The binding energy of peaks was calibrated by the position of the Ti2p peak (BE=458.8 eV) corresponding to the Ti 4+ from the TiO 2 . It should be mentioned that the loading process never exceed 1 min. in order to minimize the sample contact with air. Spectral analysis and data processing were performed with XPS Peak 4.1 program.
9 For quantitative analysis, integral intensities of the spectra collected (Ti2p, C1s, O1s, Br3d and Rh3d) using the SPECS spectrometer were corrected by their respective atomic sensitivity factors. 10 The ratios of elements atomic concentrations calculated from XPS data are presented in Table S1 . For the sample measured after reaction, the Rh/Ti atomic ratio decreased along with the increase of C/Rh ratio. At the same time the C/Ti atomic ratio increased just slightly. Additionally the appearance of the Br3d signal was obtained. From the C1s spectra (Fig. S6 right panel) one can see that three-carbon species with different binding energies are presented at the surface. The most intense peak (corresponding to a binding energy of 284.9 eV) is typical to the surface hydrocarbon atoms (C=C and C-H bonds). 10, 12 The species at 286.4 eV could be attributed to C-OH or C-Br bonds. 13, 14, 15 The C1s peaks with higher binding energies (~288.5 eV) can usually be attributed to the carboxyls/carbonates carbon species.
10 Oxygen in O1s corelevel spectra presented as two species with binding energies of 530.1 and 531.6 eV, which were assigned according to literature data to lattice oxygen Ti-O-Ti and surface Ti-OH groups, respectively. 16, 17 It should be noted that the atomic ratio between these oxygen species (OH -/O 2-) is almost the same for the surface measured before and after reaction (see Table S1 ). After ~45 seconds of p-H2 bubbling, but also after sufficient time to allow signal relaxation, in the presence of 20% Rh/TiO2; under these conditions, full conversion of the substrate to the saturated product is observed. All spectra were taken at 90 °C.
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Figure S9.
1 H NMR spectra of the fully deuterated substrate (A) during hyperpolarization / hydrogenation in the PASADENA regime; and (B) before reaction.
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Figure S10. 15 
